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Introduction
There is growing evidence that the number of older people is increasing, while the number of years lived with disability is also on the rise [1, 2] . Adults aged !50 years are at a higher risk for cardiovascular disease, diabetes [3] , cognitive decline and dementia [4] . These chronic conditions can impact the length and quality of life, as well as the long-term ability to live independently [5] .
Sustained and regular participation in physical activity (PA) is not only associated with healthy ageing [6] but can also help delay, prevent, or manage many non-communicable diseases (NCDs). Therefore, in all adults aged !50 years, with or without NCDs, increasing PA levels is one of the primary targets of the World Health Organization (WHO) [7] .
Almost three-quarters of NCD related deaths occur in low-and middle-income countries (LMICs), indicating a large potential for preventive interventions such as PA in this part of the world [8] . Many LMICs have now adopted national policies or action plans to increase PA levels of older people in order to meet the WHO recommendations, i.e., all should engage in at least 150 cumulative minutes of moderate-intensity aerobic PA throughout the week [7] . However, implementation of these guidelines appears to be suboptimal [9] . In order to design effective and feasible interventions that target evidence-based mechanisms of change in older people, understanding PA correlates is an important first step [10] . Exploring PA correlates in older people in LMICs is also important given the different levels of knowledge regarding the benefits of PA [11] , occupational and socio-cultural structures, methods of transportation, and environmental factors (e.g., safety, climate) [12] compared to other contexts. To date, multinational studies exploring PA correlates in people aged !50 years in LMICs are scarce. Multinational studies allow exploration of PA correlates irrespective of national policies and available facilities, and at the same time allow comparison between countries in order to investigate the role of these policies and available facilities in different countries.
We aimed to assess PA correlates (sociodemographic, health behaviour, mental and physical health) among older (i.e., aged 50 or above) community-dwelling adults in six LMICs (China, Ghana, India, Mexico, Russia, South Africa) who participated in the Study on Global Ageing and Adult Health (SAGE). A secondary aim was to compare differences across countries. These six countries comprise a large proportion of the world population, and broadly represent different geographical locations and levels of socio-economic and demographic transition.
Methods
Cross-sectional data from the SAGE survey Wave 1 was analyzed. The survey was undertaken in China, Ghana, India, Mexico, Russia, and South Africa between 2007 and 2010. Based on the World Bank classification at the time of the survey, Ghana was the only low-income country, and China and India were lower middle-income countries although China became an upper middle-income country in 2010. The remaining countries were upper middle-income countries. Details of the survey methodology are provided elsewhere [13] . Briefly, to obtain nationally representative samples, a multi-stage clustered sampling design method was used. The sample consisted of adults aged !18 years with oversampling of those aged !50 years. Trained interviewers conducted face-to-face interviews using a standard questionnaire. Standard translation procedures for the questionnaires were undertaken to ensure between-country comparability. The survey response rate ranged from 51% (Mexico) to 93% (China). Sampling weights were constructed to adjust for the population structure as reported by the United Nations Statistical Division. A total of 34,129 (China n = 13,175; Ghana n = 4,305; India n = 6,560; Mexico n = 2,313; Russia n = 3,938; South Africa n = 3,838) individuals aged !50 years were included in the current analysis.
Ethical 
Physical activity (PA)
The Global Physical Activity Questionnaire [14] was used to assess levels of PA. The total amount of moderate-to-vigorous PA in a typical week was calculated based on self-report. Those scoring !150 minutes of moderate-to-vigorous intensity PA were classified as meeting the recommended guidelines, and those scoring <150 minutes (low PA) were classified as not meeting the recommended guidelines [7] .
Sociodemographic variables
These included age, sex, highest level of education achieved (completed secondary or less), wealth, marital status (married/cohabiting or else), employment status (engaged in paid work !2 days in last 7 days: Y/N), number of adults living in the household (1, 2, !3), and place of residence (urban or rural). A hierarchical ordered probit model [15] was used to create an index of household asset ownership of durable goods, dwelling characteristics, and access to services (e.g., improved water, sanitation, cooking fuel). The country-wise wealth quintiles were generated from this index [16] .
Physical health
A stadiometer and a routinely calibrated electronic weighting scale were used to measure height and weight respectively. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared, and categorized as <18.5 (underweight), 18.5-24.9 (normal), 25.0-29.9 (overweight), !30 (obese) kg/m 2 . Participants who self-reported having severe or extreme bodily aches or pains in the past 30 days were considered to have bodily pain [17] . Chronic back pain was defined as having had back pain every day during the last 30 days [18] .
Fall-related injuries in the past 12 months were assessed with questions on the presence of bodily injury and cause [16] . The interviewer was instructed to indicate whether there were any obvious hearing problems during the interview at the end of the survey [19] . Visual impairment was defined as having extreme difficulty in seeing and recognizing a person that the participant knows across the road [20] .
Diabetes and stroke were solely based on lifetime self-reported diagnosis. Blood pressure was measured three times with a one-minute interval with the use of a wrist blood pressure monitor. Hypertension was defined as having at least one of: systolic blood pressure !140 mmHg; diastolic blood pressure !90 mmHg; or self-reported diagnosis. For angina, arthritis, asthma, and chronic obstructive pulmonary disease (COPD), the participant was considered to have the condition in the presence of self-reported diagnosis and/or symptom-based diagnosis using algorithms. Specifically, the validated Rose questionnaire was used for angina [21] , and other previously validated symptom-based algorithms were used for arthritis, asthma, and COPD [22, 23] (See S1 Table) .
Physical performance
Gait speed was based on a 4-m timed walk and was measured by asking the participant to walk at a usual pace. Slow gait was defined as a gait speed of 1 m/sec [24] . Grip strength was measured with the use of the Smedley's hand dynamometer. Weak handgrip was defined as <30kg for men and <20 kg for women based on measurements of the dominant hand [25] .
Mental health
Anxiety was defined as having severe or extreme problems with worry or anxiety in the last 30 days [26] . Questions based on the World Mental Health Survey version of the Composite International Diagnostic Interview [27] were used for the endorsement of past 12-month DSM-IV depression [28] . The presence of mild cognitive impairment (MCI) was assessed with three tests adapted from the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) (immediate recall, verbal fluency, and delayed recall) [29] . Respondents were classified as having MCI if their test score was <lowest 7 th percentile (approximately <-1.5SD) for their age and country in any of these tests [28] . Those having severe or extreme problems with sleeping were considered to have sleep problems [30] .
Health status
Those who answered 'bad' or 'very bad' to the question 'In general, how would you rate your health today?' were considered to have poor self-rated health. Disability was assessed by the use of the 12-item validated version of the World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) [31] (Actual questions can be found in S2 Table) . Item Response Theory analysis was used to create a scale ranging from 0 (no disability) to 100 (maximum disability) [32] .
Health behavior
These comprised of alcohol consumption (never, non-heavy, heavy), fruit and vegetable intake [!2 (fruits) and !3 (vegetables) servings/day (adequate)] [33] , and smoking (never, current, quit). Consumers of at least 4 (females) or 5 drinks (males) of any alcoholic beverage per day on at least one day in the past week were considered 'heavy' drinkers. Those who had ever consumed alcohol but were not heavy drinkers were categorized as 'non-heavy' drinkers [34] .
Social cohesion
Following a previous publication [35] , a social cohesion index was created based on nine questions on the participant's involvement in community activities in the past 12 months with answer options 'never (coded = 1)', 'once or twice per year (coded = 2)', 'once or twice per month (coded = 3)', 'once or twice per week (coded = 4)', and 'daily (coded = 5)' (Actual questions can be found in S3 Table) . The answers to these questions were summed and later converted to a scale ranging from 0-100 with higher scores corresponding to higher levels of social cohesion (Cronbach's α = 0.78).
Statistical analysis
The statistical analysis was done with Stata 14.1 (Stata Corp LP, College station, Texas). We assessed associations between the correlates and low PA with multivariable logistic regression. The selection of the correlates of PA was based on past literature [36, 37] . First, we assessed the sociodemographic correlates of PA by constructing a model which includes all the sociodemographic variables (age, sex, education, wealth, marital status, household size, place of residence, employment status). Next, we assessed the association between each of the other correlates with low PA while adjusting for all the sociodemographic variables mentioned above. Analyses using the overall sample including all countries and country-wise analyses were carried out. Country adjustment was done in the analysis using the overall sample by including dummy variables for each country. All variables were included in the models as categorical variables with the exception of disability and social cohesion (continuous variables). Under 3% of the data were missing for all variables used in the current study with the exception of grip strength (10.6%), gait speed (9.8%), fruit/vegetable consumption (7.6%), BMI (6.2%), and alcohol consumption (4.5%). Complete-case analysis was done. The sample weighting and the complex study design were taken into account in all analyses. Results from the regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P<0.05.
Results
The mean (SD) age of the sample was 62. Other sample characteristics are provided in Table 2 . The prevalence of obesity and hypertension were particularly low and high in India and South Africa respectively. For the individual chronic conditions, the prevalence of asthma, fall-related injury, and visual impairment was highest in India, while the highest prevalence figures for angina, arthritis, chronic back pain, COPD, and stroke were observed in Russia. Mexico had the highest prevalence of diabetes and hearing problems. The prevalence of mental health problems (i.e., anxiety, depression, sleep problems) in India and alcohol consumption in Russia was high.
The only sociodemographic factors that were significantly (and positively) associated with low PA in the overall sample and in all countries were older age and unemployment (Table 3 ).
Higher education was only associated with low PA in China (OR = 1.24; P<0.05). Increasing levels of wealth were significantly associated with higher odds for low PA only in China and Ghana, while a significant opposite trend was observed in Russia. Individuals with larger household size were significantly less likely to engage in PA in India, Russia, and South Africa while in Ghana, an opposite association was found (P<0.01). Urban residents were significantly less physically active in Ghana and India, while in China this association was reversed (P<0.001).
In terms of the variables related with physical health and performance, individuals with BMI<18.5 kg/m 2 , bodily pain, asthma, chronic back pain, COPD, hearing problems, stroke, visual impairment, slow gait, and weak grip strength were less likely to meet PA targets in the overall sample (P<0.05) ( Table 4 ). The associations varied widely between countries. For example, compared to normal BMI, underweight was only associated with low PA in India (OR = 1.47; P<0.001) while obesity was only associated with low PA in Ghana (OR = 1.99), Mexico (OR = 2.26), and South Africa (OR = 2.20) (P<0.05). Some conditions, which did not emerge as significant correlates of low PA in the overall sample, were significant positive correlates only in selected countries [e.g., angina (China), diabetes (China and Ghana)].
Finally, as for other factors, in the overall sample, anxiety, MCI, sleep problems, higher levels of disability, poor self-rated health, inadequate fruit/vegetable consumption, and lower levels of social cohesion were all significant correlates of low PA (Table 5) . Interestingly, compared to individuals who had never consumed alcohol, those who drink alcohol had significantly higher levels of PA, while also for smoking, current smokers were physically more active than never smokers (P<0.001). Depressed individuals were less likely to engage in PA only in China (P<0.01). There were variations in the associations observed between countries but the associations between PA and disability, poor self-rated health, and social cohesion were consistent across at least five of the six countries studied. The number of individuals included in each regression analysis of Tables 4 and 5 can be found in S4 All estimates are based on weighted sample. a Disability was assessed by WHODAS 2.0 with scores ranging from 0-100. Higher scores indicate higher levels of disability.
b The social cohesion index ranged from 0-100 with higher scores representing higher levels of social cohesion.
https://doi.org/10.1371/journal.pone.0186992.t002 Table 3 . Sociodemographic correlates of low physical activity estimated by multivariable logistic regression. 
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Discussion
The current study provides compelling data on PA correlates in a population of adults aged !50 years in six countries. The strength of the study include the large sample size and the use of nationally representative data from the SAGE Wave 1 which collectively represent around 50% of the world's older population [13] . Furthermore, the countries of the SAGE included a Models are adjusted for age, sex, education, wealth, marital status, employment status, household size, and place of residence. The overall model additionally adjusts for country. a Disability was assessed by WHODAS 2.0 with scores ranging from 0-100. Higher scores indicate higher levels of disability.
b The social cohesion index ranged from 0-100 with higher scores representing higher levels of social cohesion. We found unemployment and older age to be the most consistent sociodemographic correlates of low PA in adults aged 50 or more. A recent cross-sectional study found that among the employed, occupational PA is associated with higher total PA and less sedentary time for both genders [38] . Next to physically demanding labor, active transport to and from work might be an underlying reason for the higher PA levels in those being employed. The observation that older age in this population was associated with less PA is consistent with previous data from the general population in Western countries [37, 39] . Given the unfavorable biomarker profile associated with sedentary behavior in older adults [40] , our data add to the growing necessity that PA is promoted in older age in both high income countries and LMICs. Other sociodemographic factors showed mixed results depending on the country. For example, increasing levels of wealth were, in contrast to studies from high-income countries [41] , associated with higher odds for low PA in China and Ghana whereas an opposite trend was observed in Russia where they were associated with lower odds for low PA. It may be that higher levels of wealth correspond more strongly to less labor-demanding jobs in the lower than in middle-income countries such that in middle-income countries, the prevalence of sedentary jobs among the poor and the rich may be more similar than in lower income countries. The inconsistent patterns of sociodemographic PA correlates across countries could therefore be attributed to apparently contrasting socioeconomic patterns of risk factors for low PA. Such patterns may arise on account of better access to health care and awareness about prevention and control of risk factors for low PA among the wealthier stratum in high-and middle-income countries which may be the case in Russia on one hand, while on the other hand, the wealthier stratum in lower income countries such as Ghana have low PA levels. The adoption of unhealthy behaviors tends to transition from higher to lower socioeconomic groups as countries grow richer [42] . Our data show as well that urbanicity is related with low PA in Ghana and India but an opposite trend is observed in China. The urban-rural PA differential is hypothesized to occur because of differences in safety, transportation, and employment situations and higher crime rates in cities, which prevent older people from leaving their homes and walking around [43] . Next to this, the availability of motorized transport and the lack of crosswalks, sidewalks and safe bicycle lanes in many cities in LMICs are important barriers for active transportation [43] . A possible reason for the opposite trend in China might be that in contrast to elsewhere in urban China, T'ai chi is the dominant form of PA, rather than walking [44] indicating that also cultural differences in PA habits should be considered.
In terms of the correlates pertaining to physical health and performance, in the overall sample, being underweight, having bodily pain, asthma, chronic back pain, COPD, hearing problems, stroke, visual impairment, slow gait and weak grip strength were associated with low PA. Slow gait speed and weak grip strength may reflect physical illness or disability, and the difficulty to engage in PA due to these conditions. There were also some country-specific differences. For example, underweight was associated with low PA in India whereas obesity was associated with low PA in Ghana, Mexico and South Africa. In India, low body weight may be an indicator of malnourishment or other serious health problems such as HIV, which could prevent participation in planned exercise or limit the amount of daily PA [45] . Conversely, obesity and overweight have consistently been linked to physical inactivity in both highincome countries [46] and LMICs [47] , with recent research pointing to dopaminergic impairments in obesity as one possible explanation for physical inertia and sedentariness [48, 49] . As we also found significant associations between low PA and hearing problems and visual impairments, these conditions should be considered as an important barrier for being physically active in LMICs. Stigma and discrimination associated with these chronic conditions may further complicate PA participation in these populations. Finally, physical co-morbidities such as having bodily pain, asthma, chronic back pain and COPD might be direct barriers for PA or associations and might be mediated by associated feelings of depression, cognitive problems and sleep problems.
As for correlates pertaining to mental health, in our overall sample, anxiety, MCI and sleep problems were the only significant correlates while, surprisingly, we did not find a consistent relationship between depression and low PA, unlike in Western populations [50] . MCI was the most consistent correlate of low PA across countries. The reason why older adults with MCI are less likely to engage in PA is largely unknown. Impairments in executive functioning can result in an increased risk of falls in older people, which in turn is associated with a fear of falling again and avoidance of PA [51] . Fear of falling is known to increase sedentary behavior in older adults [52] and yet can improve with targeted exercises in older adults [53] . The exact reason why older individuals with anxiety were less likely to engage in PA is also unknown. However, previous research in Western populations has demonstrated that being sedentary may increase the risk of developing anxiety [54] , possibly through increasing inflammatory markers [55] . Another hypothesis is that not engaging in PA may lead to social solitude and withdrawal from interpersonal relationships, both of which have been linked to increased feelings of social anxiety [56] . It is possible that many of the factors identified in our study are linked with low PA through lack of social relationships. The current data show that in all countries with the exception of South Africa, lower levels of social cohesion are associated with lower PA participation. Lack of social cohesion may reduce PA levels by reducing the likelihood that one will take advantage of local opportunities to engage in PA. The fact that social cohesion was not a correlate in South Africa might be due to the high crime rates in this country which may affect PA participation negatively to a higher extent, even if people feel they are part of the community [57] .
Disability and poor self-rated health, which are measures-of-proxy for the mental and physical health status, were associated with low PA in all or most of the countries. Older adults with higher levels of disability and poor self-rated health may also be more vulnerable to social isolation due to restrictions in their ability to conduct activities of daily living or stigma [58] .
Within the health behaviour domain, we observed that unhealthy dietary habits (inadequate fruit and vegetable consumption) were overall associated with physical inactivity in LMICs. Low PA and less consumption of fruit and vegetables may reflect a clustering of unhealthy behaviours, the prevalence of which is increasing in LMICs. Finally, a rather counterintuitive finding was the association between higher PA levels and alcohol consumption and/or smoking in some countries. Research from Western countries suggest that until a certain level of alcohol consumption or until a 'ceiling effect' is reached, higher consumption of alcohol is associated with higher levels of PA [59, 60] . It might be that individuals who frequently drink but also those who smoke have an increased affinity for PA, perhaps because of its rewardrelated reinforcing effects [61] . Alternatively, some forms of PA (e.g., team sports participation) may be linked to post-game alcohol consumption and smoking. However, more research is needed to understand this relationship within the context of each particular country.
Limitations and future research
The current data should be considered in the light of some limitations. First, the study is crosssectional, therefore cause and effect cannot be deduced. Future prospective research is required to disentangle the directionality of the relationships observed. Second, PA was captured with a self-report measure which might be prone to bias [62] . Although the Global Physical Activity Questionnaire was the best available measure of PA in this dataset, it is possible that the amount of PA undertaken by these older adults is underestimated. The GPAQ only captures work and recreational activities and does not include indoor and outdoor household activity, which can be significant in LMICs, particularly in rural areas. In the other direction, people tend to overestimate their true PA in response to self-report items [62, 63] . Given the potential for bias in either direction, there is a need to measure PA objectively. Third, owing to the low prevalence of some conditions assessed in our study (e.g., visual impairment), some of the estimates had wide confidence intervals. In addition, the cut-off to define weak grip strength used in our study was based on a European consensus to identify sarcopenia. It is possible that this cut-off is not applicable to all the countries included in our study. Finally, future studies would benefit from assessing to what extent macro-level environmental factors such as food insecurity, civil conflicts, and extreme weather in LMICs are linked to PA participation in this population.
Policy implications
Despite the limitations, our data provides some guidance for health policy makers. First of all, employment, at least when of high quality (i.e. without stressful or adverse psychosocial work conditions) [64] , may serve as an opportunity for older people to engage in meaningful PA. Thus, interventions seeking to improve high quality employment or volunteering work may serve as an opportunity for older people to have a valuable role in society as well as achieve recommended PA targets. However, increasing occupational PA may not be a feasible intervention target when a shift occurs from manual jobs to service-based industries in more urbanized areas. Therefore, researchers and policy makers should focus on other identified PA correlates as well, such as social cohesion in order to facilitate older people in LMICs to become more active. This can be done in several ways. In neighborhoods where only a few older residents feel that they belong to the community, PA could be increased by promoting social engagement and participation among community members by organizing social activities targeting older people. In neighborhoods where the overall level of social cohesion is already high, further benefits may be achieved by socially integrating older residents who do not already feel that they belong. Furthermore, community integration has been associated with the ability to recall disseminated health promotion messages, and thus the promotion of social cohesion may also increase the efficacy of future public health initiatives [65] . Second, the current findings provide important implications regarding the design and delivery of PA interventions targeting people with disability in LMICs. We suggest future research explores a dual strategy of PA promotion in low resource settings involving a smaller number of trainers/ supervisors (e.g., exercise physiologists and physiotherapists) and a larger cohort of face-toface clinical practitioners (e.g., nurses). A stepped-care approach, where people with disability (mainly due to the presence of chronic somatic conditions) start with self-management strategies to increase their PA levels, may be a feasible strategy in low resource settings. Then, if patients still do not achieve PA recommendations, they could continue with a manualized approach under the supervision of a non-specialist clinician (e.g., nurses). Patients would only be referred to a specialist supervisor (e.g., exercise physiologists and physiotherapists) if no significant increase in PA occurred, for example due to specific barriers related to their somatic co-morbidities. Careful consideration of what PA implementation strategies would be most efficacious, and evaluation of the cost-effectiveness of this stepped-care approach, is however essential. Finally, although data were not consistent in all countries there is a need to consider the role of urban environments in many LMICs. Design of active urban environments with attention for safe walking and bicycle lanes, and the availability of outdoor PA facilities suitable for older adults and sufficient green spaces and parks has the potential to contribute nearly 90 min/week of PA, which is 60% of the 150 min/week recommended in PA guidelines [43] . 
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